The detection and isolation of porcine enteroviruses have been reported extensively (2, 4, 9-11, [18] [19] [20] [21] [22] [23] [24] 26, 28, 34, 36, 37, 39, 41, 42, 45, 48, 51, 53, 55; Ph.D. Thesis, Univ. of Cop-enhagen, 1959 ruses and other grouped enteroviruses isolated and typed in Pennsylvania. It was recognized that the most valid comparison should be made with cross-neutralization tests.
Primary and secondary cells were preferred to PK1 5 cell line because the latter grew excessively fast considering the length of time necessary to run the test. Also, it was more difficult to recognize the cytopathogenic effect (CPE) in the cell line cultures than in primary cell cultures.
Minced kidney was trypsinized with 0.25% trypsin in calcium-magnesium-free Hanks solution for 16 hr at 4 C. Cells were counted and suspended in a concentration of 106 per ml in growth medium. A 2-ml amount of this suspension was added to each culture tube. Growth medium consisted of Eagle's minimum essential medium with Hanks solution base and 5% bovine fetal serum. Antibiotics were added at the rate of 100 units of penicillin, 100 ,ug of streptomycin, and 50 units of polymyxin per ml of medium, respectively. Maintenance medium used in the tests consisted of Hanks solution containing 0.5% lactalbumin hydrolysate, 2.0% bovine fetal serum, and antibiotics as described above. The pH was adjusted to 7.4 with 8.5% NaHCO3. When PK15 cell line was grown, Eagle's medium with 5.0% lamb serum was used.
Viruses were maintained at -20 C during short periods between tests. Stock virus was stored at -70 C.
Antisera prepared at The Pennsylvania State University were produced in chickens (mainly cockerels), except where the antibody response was low as in the case of PS9 and PS21 viruses (Table 3) . Sera against these viruses were developed in specific pathogen-free (SPF) pigs. At least four inoculations of 2 ml, containing 106 to 107 TCID50 of the viruses per ml, were made into chickens at 4-to 7-day intervals. Serum samples were taken at 10 days after the last inoculation and tested for serum-neutralization titers. If titers were less than 1: 192, further inoculations usually were made to produce a higher titer. Inoculation procedures for SPF pigs were essentially the same as for chickens except that inoculation doses were about five times greater. Sera from other sources were produced in SPF pigs and rabbits, and more recently three sera were received (from L. Kasza) which were produced in gnotobiotic pigs (Table 2) .
Sera were stored at -20 C undiluted. Where large quantities were stored in a single container, the entire amount was thawed, well mixed, and dispensed into smaller containers to be refrozen and used as needed. Sera were inactivated at 56 C for 30 min before use in the test. b SMEDI viruses associated with stillbirth, mummification, embryonic death, and infertility. 100 TCID50 and subsequent sets of four tubes with 10-fold dilutions through three additional dilutions. The test was read when the 100-fold dilution in one or more virus control tubes developed the CPE. A satisfactory test was one in which the virus with the first three sets of control tubes produced CPE, whereas the 4th set of control tubes remained negative. CPE in the 4th set of tubes was an unsatisfactory test.
RESULTS
Antisera of 72 porcine enteroviruses from England, Japan, and North America were compared to define more clearly the relationships among the SMEDI viruses and other enteroviruses and to evaluate all viruses tested in terms of serotype viruses for the groups. Eight relatively distinct serogroups were determined which followed closely the separation of the viruses into two groups on the basis of CPE. As previously reviewed (29) , type I CPE was characterized by the appearance of clumps of enlarged, rounded refractile cells which extend peripherally until the entire sheet is involved. Type II CPE was characterized by slightly enlarged rounded cells which have increased cytoplasmic granularity and which appear rosette-like due to cytoplasmic protrusions through the cell membrane. Seven serogroups had type I CPE, and one serotype with three possible subgroups had type II CPE (Table 4 ; reference 29) .
The serological groups generally were presented in the order of intergroup relation as determined by the tests reported here. They began with Talfan-related viruses in group 1 with group 3 containing those viruses which were serologically distinct but of which some had intergroup reaction in group 1. Other groups were arranged with diminishing intergroup relations throughout the remaining six groups and three subgroups, except group 2 as noted below.
In the tables, viruses and antisera were generally arranged in the order of greatest intragroup reaction. This does not necessarily mean that the first listed was the most desirable as type virus or serum. In some cases, the virus or antiserum had intergroup reactions rendering it less desirable as a type virus or serum.
As seen in Table 5 , nine viruses and their antisera were compared with PS34 (SMEDI C) virus. With one exception, all strains cross-neutralized, forming a rather well delineated group. Two of the group (El, ECP03), however, reacted with a number of serogroup 3 viruses (Table 11 ), some at less than the 5c% level. The best reacting type sera include those of several virus strains, such as the recognized Teschen subgroup prototype, Talfan virus, as well as Jl, PS34 (SMEDI C), WRl, and Ti. ECP03 and El appear to have more intergroup reactions and therefore should be less acceptable. Talfan serum did not neutralize one of the strains, PS35, which was neutralized by all others.
Group 2 (T80) shown in Table 6 , which was placed in the number two position by the WHO Enterovirus Committee (54), had little serological relationship to group 1. Within the groups, the antisera of 03b and E4 in some ways were more inclusive than that of T80. However, the viruses i with which the T80 antiserum reacted were neutralized at relatively high titers. Even so, 03b sera) which were placed in serogroup 5 (Table 8) . Although the serum of F12 appeared to neutralize the other two strains at a slightly higher level, it also neutralized PS37 of serogroup 6 (Table 11) . Therefore, the prime candidate for a type serum in this group was considered to be F26. No North American strains were classified in this group. Serogroup 6 contained the SMEDI E (PS37) virus and representative viruses from five widely separated areas (Table 9 ). Compared to some of the larger groups, cross-reactions were better than average. The J5 and ECP02 sera did not neutralize all viruses in the group, and the J5 neutralizations were generally low. Other reactions were generally good. The antisera of T4 and PS37 had the best neutralizations. Although T4 had no intergroup reactions and the virus of PS37 was neutralized by one serum each in groups 3 and 5, F34 and F12, respectively, of intestinal origin (Table 11 ), P37 was of tissue origin and therefore was suggested as the better candidate for a type virus.
Only three viruses were classified into serogroup 7 (Table 10 ). This group was unique in that it had no cross-reactions with other enteroviruses.
Since there were only three viruses in the group, additions to the group may show intergroup reactions. The better candidate for a type virus appeared to be F43 although WR2 should be equally satisfactory. The virus 05i was neutralized by both sera of the group. Difficulties encountered in producing satisfactory serum to 05i and an inadequate supply of original serum to complete all tests prevented a valid interpretation of crossreactions with this virus at the time these data were interpreted. There were no SMEDI viruses in this group.
In Fig. 2 , the SMEDI A-V13 group was shown Virus PS36 PS38 F78 . It will be noted in Table 11 that the intergroup reactions invariably involved an enterovirus of fecal origin. There was little or no intergroup reactions where both virus and serum were of tissue origin. This was considered important in the selection of type viruses and serum.
In general, there was not only the antigenic variations of viruses within groups but also marked intergroup relationships. These observations varied with individual reports, some of which clearly defined specific groups with no hint of intergroup relationships, whereas others openly 
a X, Cross neutralization; -, less than 5% of th fetus; 1, lung; s, skin; h, heart. suggested a marked variance in intergroup relationships. To suggest that each virus should fit into a well defined group with no interaction with some members of other groups is not logical considering experiences with human enteroviruses (3, 12) and with porcine enteroviruses (43; Addy, Ph.D. Thesis; Wang, unpublished data) as well as those reported here. It became apparent that there were certain strong antigenic components which make grouping possible. However, there were some less dominant antigenic factors which appeared to be common among some members of certain groups and which caused intergroup reactions.
Talfan (4, 21) and T80 (4) were among the first porcine enteroviruses other than Teschen disease to be widely recognized, and numerous reports have shown that related viruses have been isolated in several areas in the world. In 1962, Betts et al. proposed a nine-group classification (7). It was modified in 1967 with regrouping and the addition of the Al strain (1) . With the exception of group h (F59) which has been shown in e homologous serum titer; i, intestine; b, brain; f, the present report and by others (38, 50; Addy, Ph.D. Thesis) to belong in the T80 group, and the subgrouping of V13 and Al, the English classification has been largely verified by the results reported in this publication. With the wider selection of viruses from which to choose type strains, however, there evolves an even greater problem as to whether there is an advantage in antigenic exclusiveness or inclusiveness in the reactive capacity of the antisera and to the degree of reaction necessary to classify a virus within a group. Even then, great individual variations can exist not only among the various viruses and the antisera produced but also between individuals conducting the tests even within the same laboratory. Morimoto et al. (35) found a relationship between V13, J4, PS27, CHICO, and ECPO5 with weaker neutralization of PS32, by using V13 antiserum prepared in England. In a subsequent series of tests, however, conducted in the same laboratory, V13 antiserum, also from England but apparently of a different lot, neutralized none of these agents (Fig. 2) . It is possible that, within the specific CPE groups, a broad spectrum of immunity may exist which would be of importance in the control of specific disease conditions such as caused by SMEDI viruses and the poliomyeloencephalitisproducing strains.
It appears that the enteroviruses from Japan generally reacted less strongly within these groups than did other strains. This may indicate slight antigenic mutation due to the influence of geographic separation. Type strain selection is dependent upon crossneutralization tests and upon the comparison of a large number of strains. It is pertinent to have knowledge of the homologous titer of a given serum as the test is conducted within a given laboratory. Standardization of tests is a necessity but only cross-neutralization tests and a determination of the homologous titer within a given laboratory can provide valid data for the classification of a virus. Obviously, the more strains that are compared, the more likely it is that a satisfactory type strain may be selected (Table 12) .
There has been some discussion as to the advisability of using chickens as a source of antiserum for use in the classification of porcine enteroviruses. The original use of chicken serum in the work reported here was to establish a nonhost source animal which would not be susceptible to natural infection and which would have no contact with swine or swine by-products. In contrast to the published report of Derbyshire (15) 
